Introduction

Digital Earth initiatives
Technology developments that support the current Digital Earth technological framework can be traced to computing advances, space technologies, and commercial innovations. Many innovations can be tracked to American corporations working for the Department of Defense or the US National Aeronautic and Space Administration (NASA). However, the philosophical foundations for Digital Earth can be more closely aligned with the increased awareness of global changes and the need to better understand the concepts of sustainability for the planet's survival. These philosophical roots can be traced back to visionaries, such as Buckminster Fuller who suggested half a century ago that we need to create a GeoScope, analogous to a microscope to examine and improve our understanding of the planet Earth (http://en.wikipedia.org/wiki/Buckminster_Fuller).
Digital Earth is a follow-up on this visionary concept for the computer age, popularised by former US Vice President Al Gore. In a speech given at the California Science Center in Los Angeles in January 1998, Al Gore spoke of a 'multiresolution, three-dimensional representation of the planet, into which we can embed vast quantities of geo-referenced data,' 'navigating through both space and time to view natural, cultural and political information about the planet, virtual reality installations in museums, improved access to public domain data', and 'a digital marketplace for companies selling a vast array of commercial imagery and valueadded information services' (http://www.ci.bakersfield.ca.us/GIS/notes/misc/digital_ earth.htm). In the discussion of today, Digital Earth stands for virtual and threedimensional (3D) representations of the Earth that are spatially referenced and interconnected with digital knowledge archives from around the planet with vast amounts of scientific, natural, and cultural information to describe and understand the Earth, its systems, and human activities. The Digital Earth vision embraces a philosophy that any citizen of the planet, linked through the Internet, should be able freely to access a virtual world of information and knowledge resources. This philosophy supports the dream of ubiquitous education for the people of the planet. A convergence of technological advances, active visionaries, and recognition of the paramount need for humans to better understand the Earth and its systems comprises the history of this dynamic and exciting enterprise (http://www.digital earth-isde.org/). From Autumn 1998 until Autumn 2000, NASA led the Digital Earth initiative in cooperation with a number of government agencies, including the Federal Geospatial Data Committee (FGDC). Attention to consensus development of standards, protocols and tools through cooperative test-bed initiatives was the primary process for advancement of this initiative within the government community (de La Beaujardière et al. 2000) . In 1999, NASA was selected to head the Interagency Digital Earth Working Group (IDEWG) owing in part to its reputation for technology innovations and in part for the agency's focus on the study of planetary change. The new initiative was located in the NASA's Office of Earth Sciences. This titular focus was considered necessary to help align all government agencies and keep sustainability and Earth oriented applications as a guiding principle for the Digital Earth enterprise. Components for development of 3D Earth graphic-user-interfaces (GUIs) were placed into various technological sectors to stimulate cooperative development support; including education, museums, research and development. While initially limited to government personnel, industry and academia were early observers attending IDEWG workshops to discuss different topics such as visualisation, information fusion, standards and interoperability, advanced computational algorithms, digital libraries, and museums. Within a few years, industry developed prototypes were captivating international audiences in government, business, science, and mass media who began to purchase the early commercial geobrowsers. Introduction of satellite data into commercially accessible spatial toolboxes significantly advanced the capacity to map, monitor, and manage our planet's resources and provide a unifying perspective on the Digital Earth vision (see http://en.wikipedia.org/wiki/Digital_Earth). While the US government has all but abandoned its commitment to the Digital Earth vision and programme, others have taken the lead in the development, most notably, great corporations in the IT business community, such as Google and Microsoft. Scientists, on the other hand, have tried to keep the original vision of Digital Earth as a geospatial knowledge and information repository alive.
The Society for Digital Earth (ISDE)
With the Chinese government's support and inauguration of the 1st International Symposium on Digital Earth in Beijing in 1999 the international community supported a dialogue for implementing the Digital Earth vision as articulated by Al Gore (http://www.digitalearth.net.cn/de99/de99_right.htm). During this symposium, the 'Beijing Declaration on Digital Earth' was adopted. The participating scientists agreed on a number of principles, most notably that Digital Earth developments should address the social, economic, cultural, institutional, scientific, educational, and technical challenges, allow humankind to visualise the Earth, and all places within it, to access information about it and to understand and influence the social, economic and environmental issues that affect their lives in their neighbourhoods, their nations and their planet. They also recommended that priority should be given to solving problems in environmental protection, disaster management, natural resource conservation, and sustainable economic and social development as well as improving the quality of life for all humans. It finally called for close cooperation and collaboration between governments, public and private sectors, non-governmental organisations, and international organisations and institutions, so as to ensure equity in distribution of benefits derived from the use of Digital Earth in developed and developing economies (for the full text see http://www.digitalearth. net.cn/de99/isde-declaration.htm).
The declaration emphasised the necessity of Digital Earth and called for more future developments at a global level, and suggested to hold an International Symposium on Digital Earth every two years on a rotated country basis. In a special session before the closing ceremony, symposium participants agreed to establish an International Steering Committee chaired by Lu Yongxiang, President of the 
The role of Geoinformatics
Geoinformatics: the emergent science
The Digital Earth vision would not have been possible without general technological progress, such as in computing power, broadband telecommunication or initiatives such as the digital library project (http://elib.cs.berkeley.edu/info/pubs.html). The tools for dealing with geospatial information, however, have primarily been developed within the context of an emerging discipline, named Geoinformatics, Geomatics or Geographic (sometimes Geospatial) Information Sciences. The term Geomatics is derived from the French word Géomatique, coined by the French photogrammetrist Dubuisson and is widely used in North America (Dubuisson 1975, Gagnon and Coleman 1990) . Geoinformatics seems to be more popular in Europe whereas Geographic Information Science usually indicates a Geography background (Goodchild 1992 , Ehlers 1993 ). In the following, the term Geoinformatics will be used because it emphasises a formal scientific approach to handle geoinformation which Geomatics does not imply. The change of the developed world from an industrial to a knowledge or information society is a well-known fact. Knowledge in the form of spatial information or geoinformation pertaining to a country or region is of vital importance for decision-making at the economic, political, and personal level. The value of geoinformation exhibits a high market potential and demonstrates economic benefits in many applications. The resource 'geoinformation' has gained significant importance and serves as basis for spatial decisions in many areas such as navigation and positioning, telecommunication, real estate management, insurance business, and the planning and management of pipelines, residential and commercial districts as well as geomarketing strategies (Molenaar 2006) . With the advent of major companies, such as Google and Microsoft, geoinformation has become a household issue and 'geotainment' ranges from Internet based 'house finding' to 3D city modelling (Doellner 2005) .
Large spatial databases have been accumulated by public institutions, such as cadastral and surveying bureaus as part of their respective administrative responsibilities. They also form, however, a basis for many commercial applications. The access to publicly collected geoinformation is playing an ever larger role for the economic development of a specific region and its attractiveness for business investments. The economic asset 'geoinformation' can be used to tap into new revenues. Availability of current and accurate geoinformation has begun to play a role similar to the development of traffic infrastructure (railways, roads, canals) for the logistics industry. It comes as no surprise that national and international public and commercial institutions have begun to develop spatial infrastructures (SDIs) ranging from official directives such as the EU's INSPIRE to international societies involved in SDI developments (EU 2007 , GSDI 2004 ; see also http://inspire.jrc.it/). Other large-scale iniatives for geospatial data collection and dissemination include international programmes, such as the Global Earth Observing System of Systems (GEOSS) and the European Union's Global Monitoring for Environment and Security (GMES). Earth observation systems consist of tools that provide measurements of air, water and land. These measurements may be made on the ground, from the air, or from space by satellites. While these measurements have been observed historically in isolation, the GEOSS effort is designed to consider and analyse these elements together and to study their interactions. GEOSS is a concept with potentially wide-reaching applications relating to human health, environmental quality and stewardship, as well as to disaster preparedness and recovery (http:// www.epa.gov/geoss/ GMES is a joint initiative of the European Commission and European Space Agency, adopted by EU Heads of States in Gothenburg Summit in 2001, and aimed at achieving by 2008 an autonomous and operational capability in the exploitation of geo-spatial information services. The objective is to rationalise the use of multiplesources data to get a timely and quality information, services and knowledge, and to provide autonomous and independent access to information for policy-makers, particularly in relation to environment and security. GMES builds upon four pillars: the space component, (satellites and associated ground segment), in-situ measurments (ground-based and airborne data gathering networks), data harmonisation and standardisation, and services to users. GMES is the European contribution to GEOSS (http://www.gmes.info/)
Not only for the development of SDI's but also for its appropriate and knowledgeable use it is important that education has to address the need for producing professionals that understand the tools that are necessary for handling spatial information. These tools have to be delivered by the new scientific discipline Geoinformatics. Depending on its orientation and origin, Geoinformatics may have a core in Geodesy, Surveying, Geography, Landscape Architecture, or Information Management. This is reflected by its emphasis on the acquisition, modelling and storage of geodata, the analysis of geospatial information, the generation of digital spatial planning products, or the development of effective spatial database management systems and algorithms. The important factor is that Geoinformatics must be more than a patchwork of more or less unconnected components. It has to offer an integrated approach to the acquisition, storage and retrieval, modelling, management and analysis, and presentation and visualisation of geo-processes (Ehlers 2006) . Within this context, Geoinformatics has been integrated into the general information technology (IT) development. Geospatial information is now recognised at all decision levels as an extremely important information layer. The significance of Geoinformatics can therefore not be underestimated.
Already in 1990, Gagnon and Coleman published one of the first definitions for the term Geomatics: Geomatics is the science and technology of gathering, analysing, interpreting, distributing and using geographic information. 'Geomatics encompasses a broad range of disciplines that can be brought together to create a detailed but understandable picture of the physical world and our place in it. These disciplines include surveying, mapping, remote sensing, geographic information systems (GIS), and global positioning system (GPS)' (Gagnon and Coleman 1990) . This publication can be seen as one of the initiatives that finally led to the constitution of the 'Canadian Institute for Geomatics', which succeeded the 'Institute for Surveying and Mapping' (http://www.cig-acsg.ca/). In Europe, the International Institute for Aerospace Survey and Earth sciences ITC (now: International Institute for Geo-Information Science and Earth Observation) formed 1991 the first Department of Geoinformatics. It integrated the former Departments of Photogrammetry, Cartography, Remote Sensing, and Computer Science and represented a good example for its multidisciplinary origin.
In Germany, the first paper on Geo(infor)matics was published in the journal Geo-Informations-Systeme in 1993. Geoinformatics was defined as 'art, science or technology dealing with the acquisition, storage, processing, production, presentation, and dissemination of geoinformation' (Ehlers 1993) . Geoinformatics was described as an 'integrated approach to GIS, Photogrammetry, remote sensing and cartography'. The influence of the traditional surveying and mapping disciplines was clearly evident. Goodchild (1992) described the field of GIS as 'certainly challenging and appealing' but without a core discipline. He concluded that 'GIS needs a strong scientific and intellectual component if they are to be any more than a commercial phenomenon' (Goodchild 1992) . Looking at the developments today, it can be safely concluded that his challenge has been addressed by the GI community, with Goodchild being one of the leading researchers in the field of theoretical research (see, for example, Goodchild 2004 , Goodchild et al. 2007 .
Geo[infor]matics today
Even a cursory Internet search brings about 500 000 matches for Geoinformatics, and almost 2 000 000 for Geomatics (not to mention about 750 000 hits for Geoinformatik, 200 000 for Geomatik and 800 000 for Géomatique). Wikipedia defines Geoinformatics as 'a science which develops and uses information science infrastructure to address the problems of geosciences and related branches of engineering. The three main tasks of Geoinformatics are: development and management of databases of geodata, analysis and modelling of geodata, and development and integration of computer tools and software for the first two tasks' (http://en.wikipedia.org/wiki/Geoinformatics). It concludes that 'Geoinformatics is related to geocomputation and to the development and use of geographic information systems or spatial decision support systems.' Even if we have to admit that this definition actually falls somewhat short it still reflects that Geoinformatics is indeed a scientific discipline in its own right.
Without cross-referencing Geoinformatics, Wikipedia's section on Geomatics defines the discipline as 'the science and technology of gathering, analysing, interpreting, distributing, and using geographic information'. It continues that 'this broad term applies both to science and technology, and integrates the following more specific disciplines and technologies: Geodesy, Surveying, Mapping, Positioning, Navigation, Cartography, Remote Sensing, Photogrammetry, Geographic Information Systems, and Global Positioning System. The term Geomatics is fairly new, apparently being coined by B. Dubuisson in 1969. It is commonly defined as 'hunter and gatherer' to include the tools and techniques used in land surveying, remote sensing, GIS, GPS, and related forms of Earth Mapping (http://en.wikipedia.org/wiki/Geomatics). Originally used in Canada, because it is similar in French and English, the term Geomatics has been adopted by the International Organization for Standardization, the Royal Institution of Chartered Surveyors, and many other international authorities, although some (especially in the United States) have shown a preference for the term 'geospatial technology'. The precise definition of Geomatics is still in flux'. It points out that 'a good definition can be found on the University of Calgary's web page titled 'What is Geomatics Engineering?': 'Geomatics Engineering is a modern discipline, which integrates acquisition, modelling, analysis, and management of spatially referenced data, i.e. data identified according to their locations. Based on the scientific framework of Geodesy, it uses terrestrial, marine, airborne, and satellite-based sensors to acquire spatial and other data. It includes the process of transforming spatially referenced data from different sources into common information systems with well-defined accuracy characteristics' (http:// www.geomatics.ucalgary.ca/whatisit/index.html).
Geoinformatics developments in Germany
Geoinformatics in academia Despite the fact that the name 'Geoinformatik' is widely accepted in Germany, there are ongoing discussions as to whether or not Geoinformatics is really a separate discipline or rather a subfield of Surveying or Geography. Also, the 'tool versus science' debate is still alive and confusion of Geoinformatics with Geographic Information Systems can still be found (Ehlers 2006) . This is fueled by the strong orientation towards application which makes the field susceptible to a simple technology-based view. However, if one takes a pragmatic approach, it can easily be deduced that Geoinformatics is a scientific discipline based on a number of observations. Following Dollinger (1989) in his discussion what a new field has to prove to be actually called a scientific discipline, he concluded that the following conditions have to be met:
. Scientific journals . Chaired (named) professorships . Textbooks . Scientific conferences . Scientific societies . Acceptance of the name in the general public . International acceptance of the name . University study and degree programmes With the exception of the existence of a scientific society for Geoinformatics all conditions were already met about 5Á10 years ago. Germany had a number of faculty positions for Geoinformatics, there existed a number of textbooks (see, for example, de Lange 2005 and Bartelme 2005 Á all new editions), and even a Geoinformatics encyclopedia exists (Bill and Zehner 2001) . The name Geoinformatics is not only accepted, it is so attractive that programmes with declining numbers of students (e.g. Surveying or Geodesy) are trying to modernise their image by adding the term Geoinformatics to their name. A typical name would be 'Geodesy and Geoinformatics'. Besides, the German name for Computer Science is 'Informatik' which makes 'Geoinformatik' even more attractive in German speaking countries (Austria, Germany, Switzerland). With the formation of the Society for Geoinformatics in November 2006, the final condition was fulfilled (see section 5).
Academic study programmes in Geoinformatics
During the last 5 years, we have witnessed dramatic changes in the academic environment in Germany. The standard Diplom courses (a basically one-tier 5-year programme of formal university education) are rapidly being replaced by Bachelor and Master programmes following the so called 'Bologna process' within the EU (EU 1999). By 2013, this process should be completed in all countries of the European Union. Simultaneously, for the first time German universities have been allowed to charge tuition fees to their students which means a boost to their usually tight budgets. This process of reform and reform minded public was also used by the universities and technical colleges to revise their course programmes and curricula. An accreditation process was also established so that Á also for the first time Á a formal evaluation programme for academic courses was established.
One result was that a number of full-time Geoinformatics Bachelor and Master programmes have been initiated in universities and technical colleges (so-called Fachhochschulen). It has to be noted, however, that Bachelor and Master Degrees with a sole denomination in Geoinformatics were the exceptions. Currently, the majority have the name Geoinformatics attached as a second specialisation. The German Wikipedia listed the following main study programmes in Geoinformatics (http://de.wikipedia.org/wiki/Geoinformatik):
. The total number of academic study programmes in Germany that are related to Geoinformatics (i.e. also within disciplines such as Geography or Surveying) exceeds 50 (see http://www.geoinformatik.uni-rostock.de). In a German journal paper, Bill and Hahn (2007) argued that 'parallel to the implementation of the Bologna process, Geoinformatics programs have mushroomed in German universities and colleges. The sheer number has made it all but impossible for accreditation boards to provide a widely accepted set of quality standards that would make the market transparent and comparable'. They conclude that 'it will be very difficult for the potential students to make an informed decision which of the current Geoinformatics programmes would be the best for him or her'. Ehlers (2006) suspected that a lot of 'old wine will be filled in new bottles' and that double degrees such as 'Geodesy and Geoinformatics' will neither produce good Geodesists nor good Geoinformaticians. He suggested that new programmes should also present new contents, so that they can address the innovations and exciting developments in the field of Geoinformatics.
Despite the large number of university and college programmes in Geoinformatics, only two dedicated University Departments for Geoinformatics in Germany exist, at the University of Muenster in the state of Northrhine-Westfalia and at the University of Osnabrueck in the neighboring state of Lower Saxony (universities in Germany are almost all public and funded by the states). In most cases, the Geoinformatics courses are taught within Geography, Geodesy, or Landscape Architecture. There exist a few Geoinformatics Departments at technical colleges which seem to be more reform oriented than the research universities. As an example, we will look at the Geoinformatics programme at the University of Osnabrueck which represents actually a complete new design with no academic predecessor.
Case study: Geoinformatics at the University of Osnabrueck
The Institute for Geoinformatics and Remote Sensing Á IGF With the reorganisation of study programmes in Northern Germany, the University of Vechta's 'Research Center for Geoinformatics and Remote Sensing' was transferred to the University of Osnabrueck's School for Mathematics and Computer Science where it formed the core of a new Department (German: Institut) for Geoinformatics and Remote Sensing Á IGF. The faculty of the new department reflected the multidisciplinary roots of Geoinformatics; their original degrees were awarded in Geography, Surveying, Mathematics, Computer Science, Environmental Sciences, and Biology. The IGF is organised in four working groups according to their main research fields (Table 1) . Detailed information about the mission and research of the IGF can be found at http://www.igf.uni-osnabrueck.de.
Study programmes in Geoinformatics at the University of Osnabrueck
The University of Osnabrueck offers the full range of academic degrees for Geoinformatics: Bachelor of Science (BSc), Master of Science (MSc) and PhD (Dr rer. nat.). Following the German tradition, only the first two are taught programmes, pursuing a Ph.D. degree is carried out as an independent individual research usually within the context of a funded project. In accordance with the German BSc and MSc regulations, the Bachelor programme (180 ECTS points) is a 6-semester full-time The MSc programme has a strong research orientation and offers more specialisation areas for the students. After the first semester they can select either GIS/Databases or Remote Sensing/Image Processing as their focus area. A number of 'Special Project Study Courses' allows the faculty to expose graduate students to their research programmes and to integrate current research topics in their teaching. The MSc curriculum offers also more electives for the students which have the opportunity to select these electives from a larger number of neighbouring disciplines. The ECTS points are distributed as follows:
. Emphasis is placed on research orientation but also practical experiences (for example, classes in Geomarketing and Project Management are offered from outside experts) so that the future Geoinformaticians have not only a thorough scientific background but have also learned how to implement concepts into practical work (Schiewe et al. 2006) .
Concluding remarks
The University of Osnabrueck programme in Geoinformatics serves here as a representative example of how German universities have begun to respond to challenges being put forward by society and politics. Other programmes offer somewhat different specialisations in their programmes (see a list of German academic Geoinformatics programme at http://www.gfgi.de), but a strong basis in Mathematics and Computer Science is seen by most German scientists as a necessary basis for a thorough education in Geoinformatics. However, the Geoinformatics scene in Germany is still very fragmented with ongoing turf wars between different scientific societies about the 'ownership' of the discipline Geoinformatics. These 'feuding' societies are usually traditional societies from well established disciplines and address the field of Geoinformatics mostly from an 'add-on' perspective. As a typical example, the 'German Society for Photogrammetry and Remote Sensing' has now added the term 'and Geoinformation' to its name (without even listing the 'G' in its Acronym). Other disciplines have followed this example.
The effect was that Geoinformatics was always treated as a minor field in an already existing discipline which made it impossible to reach its potential in Germany. Politics, society and business with high expectations were met by a heterogeneous academia which saw research in Geoinformatics predominantly within the tradition of their respective disciplines. A discussion about the core research areas for Geoinformatics was missing as was an in-depth scientific exchange across the scientific boundaries. After intensive discussions, 25 scientists from Germany and Austria founded the (German language) Society for Geoinformatics (German acronym GfGI) in Bonn in November 2006. One of the first tasks was the organisation of a Geoinformatics research meeting on behalf of the German Research Foundation (Deutsche Forschungsgemeinschaft Á DFG). Scientists from all disciplines as well as members of the GfGI came together to talk openly about a core research area for the scientific discipline Geoinformatics (Greve and Ehlers 2007) . It was concluded that Geoinformatics research has the core expertise in delivering the tools to work with Digital Earth models and to connect the cyber space with the real world and real-world problems ('connecting through location'). As a consequence, the GfGI has applied for regional membership of the ISDE. It suggests also holding a 'Digital Earth Summit on Geoinformatics and Global Change Research' because it is with topics like this one that the Digital Earth modeller can be connected with real world problems. As a corresponding initiative, the GfGI has also taken the leadership in the discussion about the contents of a core curriculum in Geoinformatics.
